Currently, for the serious air pollution and global warming effect caused by the substance released from the present vehicle, it is expected that the regulatory requirements for the emission will become more stringent. A new concept of the combustion technology that can reduce the NOx and PM related to combustion is urgently needed. To cope with such social demands, many developed countries are efforts to develop the environment friendly vehicle engine at the national lever in order to satisfy with strengthening emission control. As a main combustion technology among new combustion technology for the new generation engine, the homogenous charge compression engine (HCCI) is expanding its application range by employing multiple combustion mode, catalyst, direct fuel injection and partially premixed combustion.
Introduction
With concerns about limited petroleum supplies and global warming driving the demand for fuel-efficient engines, interest in compression-ignition (CI) engines is stronger than ever. CI engines are the most fuel-efficient engines ever developed for transportation purposes, due largely to their relatively high compression ratios and lack of throttling losses. However, conventional CI diesel engines have relatively high emissions of nitric oxides (NOx) and particulate matter (PM). At the same time, there is a need for even higher efficiency, and the market requires that this be done with minimal cost. To address the combined needs of further emissions reduction, improved efficiency, and cost, enginecombustion researchers and development engineers are turning to alternative forms of CI combustion. Various methods are being pursued, but they all rely on the principle of dilute premixed or partially premixed combustion to reduce emissions. This approach is exemplified by a technique commonly known as homogeneous charge compression-ignition (HCCI) [1] [2] [3] [4] [5] [6] [7] .
Many names have been given to combustion concepts with HCCI characteristics, such as Active Thermo-Atmosphere Combustion ATAC [8] and
Compression-Ignition Homogeneous Charge CIHC [9] , Premixed Lean Diesel Combustion PREDIC [10] , Premixed Charge Compression Ignition PCCI [11] , Activated Radical Combustion AR [12] , Controlled Auto-Ignition CAI [13, 14, 15] , Stratification Charged Compression Ignition SCCI [14, 16] , Homogeneous charge Intelligent Multiple Injection Combustion System HIMICS [17] , Uniform Bulky Combustion System UNIBUS [18] , or Modulated Kinetics MK [19] . Nevertheless, the worldwide accepted expression, which was formed by Thring [20] , is HCCI. The concept of HCCI combustion were applied in twostroke engine and eliminate misfire and stabilization the combustion process at part load was investigated [8, 21] . Furthermore, it has turned out that HCCI combustion is only possible at moderate loads and engine speed, due to uncontrollable and premature knock-like combustion at higher loads and partial burning at very low loads or high engine speed. In the case of higher loads and especially at full load, conventional diesel spray combustion or gasoline SIcombustion has to be used. This so-called dual-mode concept [22, 23] is only attractive for applications with a very high or very low load.
One of the most important benefits of HCCI combustion is the enormous reduction of NOx raw emission of 90-98% in comparison to conventional combustion [13, 22, 23, and 24] because the HCCI engines can be operated under the ultra-lean mixture condition, and low temperature combustion. But, with an increase in load, the peak combustion temperatures rise and the advantage over the conventional engines decreases [22] . The formation of soot requires fuel-rich zones and temperature above 1400 K [24, 25] , which are not present due to the homogeneous lean mixture. However, fuel deposition on the walls may result in poor mixture preparation and in local fuel-rich regions that are subject to incomplete combustion and produce soot. This can especially happen during early direct injection, because pressure and temperature inside the cylinder are low and fuel penetrations increased. Compared to conventional combustion concepts, HCCI combustion usually results in significantly higher HC emissions [25, 26] . This is cause by the low combustion temperatures due to the lean mixture or the high EGR rates. EGR is usually needed to lengthen the combustion duration in order to avoid extreme heat release rates. In case of excessive EGR this can result in misfiring and thus in a significant increase of HC emissions. On the other hand, EGR can also help to reduce the amount of unburned hydrocarbons, because they will increase the charge temperature especially in the case of internal EGR [16] and reduce the lean mixtures limit, thus, of course increase the combustion and emission behaviors.
In this paper, a multi-injection method in order to apply the HCCI combustion method without mainly altering engine specifications in the aspect of multiple combustion mode and practicality by referring to the results of the HCCI engine was used. Applied with forced charging, exhaust gas recirculation (EGR) and compression ratio change, it was investigated to possibility of securing optimum fuel economy and emission reduction in the IMEP 0.8MPa range. As the 2 nd stage injection system was applied to this study rather than the implementation of a complete HCCI combustion, there is a tendency of partial premixed diesel combustion, discussed the effects of various combustion factors for improving combustion and exhaust performance.
Experimental methodology

Experimental apparatus
The engine used this research was based on a single-cylinder, direct injection and four-stroke diesel engine. The specifications of main engine are listed in Table 1 . Figure 1 demonstrates the schematic diagram of analysis the combustion and exhaust performance in a HCCI engine. The engine specifications affected on the HCCI combustion are insisted of the swirl ratio of intake port, the configuration of combustion chamber, the compression ratio and the fuel supply system of HCCI system. As shown in Figure 1 Table 2 , the exhaust gas composition of CO, HC and NOx emission were measured by gas analyzer (Horiba, MEXA 9100D) and smoke opacity was measured by a smoke meter (AVL 415).
Fig. 1 Experimental apparatus of analysis the combustion and exhaust performance in a HCCI engine
The variation of compression ratio is used the method of adjusting the height of the cylinder heat using the spacer. The EGR was adjusted through the opening and closing of the EGR valve in the connecting passage of the exhaust pipe and the intake pipe. When the EGR valve is not possible only with the increase in the EGR ratio, by increasing the back pressure of the exhaust pipe was adjusted EGR rate. The measurement of EGR rate at the time of the experiment was calculated using the ratio of CO2 of the exhaust gas to CO2 of the intake pipe through exhaust gas analyzer. It was used for calculation in equation (1) . Supercharging implementation in this experiment was constructed supercharging system by applying a supercharger for an automobile. 
Determination of Experimental condition
The basic combustion and emission characteristics for using 2-stage injection method were investigated and the factor to improve the combustion and emission performance was evaluated. Figure 2 showed the investigation on the combustion and exhaust characteristics of the fuel injection timing changes and variations. It indicates the schematic diagram for the qualitative characteristics in Figure 4 . The results from the characteristics stated above were considered for ways to improve performance. To improve the performance, the 1 st injection timing is a delay such that the ignition of first fuel injection is close to TDC so that the combustion is active. The second fuel injection is to promote the premixed rate by delaying the ignition possible. The technical solution for realizing the research are shown in Figure 4 . The experimental conditions carried out in this paper like as Figure 5 . 
Results and investigations
Consideration of emission characteristics and combustion control factors for the various air-fuel ratios
The combustion control factor applied to the HCCI engine has an effect between parameters. It is necessary to understand the basic concept for combustion control such as the operating condition, fuel amounts (loads). At first, the air-fuel ratio to investigate the characteristics of NOx and smoke was applied to set the range of air-fuel ratio (fuel amounts) for each factor. Figure 6 investigated the characteristics of NOx and smoke in accordance with changing the air-fuel ratio as the conditions of injection amount and supercharging rate are 20, 30, 40 mm 3 /stroke and 100, 1200, 1400 mbar, respectively. As the technology of HCCI using the multi-injection method was applied, the NOx emission is reduced to about 30% more than base engine (conventional engine) as shown in the Figure 6 (a) . These characteristics at the split injection mode were enhanced to the premixed performance or the power performance was excellent in the performance of NOx reduction. However, the characteristics of smoke as shown in Figure 6 (b) was badly evaluated more than base engine in case of TDC injection. For the case of the multi-injection, the injection timing which is improved the premixed performance could be confirmed that the smoke is evaluated very low.
As a result, the characteristics of the air-fuel ratio at the predetermined injection amount and the injection timing is confirmed that the boundary condition selected for application of a combustion parameter for the various combustion and improved exhaust is set before and after the A/F=30. 
Effect on the swirl control valve
One of the big problems with current HCCI diesel engine is poor mixing of the injected fuel and air and a lack of air mixing time. Therefore, these problems could be improved through improved mixing performance by strengthening the intake swirl flow. The role of such a swirl could be evaluated differently depending on the operating range of engine.
The application of SCV (swirl control valve) has been considered to apply in a relatively lean region, since it tends to reduce the intake flow amount as preventing a portion of intake port. Figure 7 showed the IMEP, A/F and emission characteristics applied the SCV as the experimental conditions were compression ratio 17.8, 1400 rpm and injection amount 20 mm 3 /stroke, respectively.
As SCV installed at the intake port, the power performance (0.35MPa) and the air-fuel ratio (about A/F=45) could be seen that there were loss of IMEP or a little rich. It is possible to confirm the result that the characteristics of NOx and CO emission using SCV is increased but that of HC and CO is reduced. These results are determined as a result of the effect of mixing appears more clearly than the side of the air-resistance phenomena caused by swirl flow.
The heat release rate was investigated in order to confirm the results of these various performances in more detail, and then the result of experiment are shown in Figure 8 
Effect on the exhaust gas recirculation
The application of EGR(exhaust gas recirculation) has been applied to the technology of reducing the NOx emission by decreasing the combustion temperature at the diffusion combustion. Therefore, it is currently applied to the NOx reduction and the methodology of the ignition control through the active use of EGR. On the other hand, the excessive of EGR is to cause the problem such as increase of the combustion instability, and HC, CO. /stroke, and the 30% of EGR rate. Figure 10 shows the characteristics of various performance according to applying EGR rate as compression ratio is 17.8. As shown in Figure 10 (a), the air-fuel ratio was evaluated less than half by using EGR. IMEP (Figure 10 Therefore, it is possible to lower the boost pressure rate as the excellent of premixed rate in the term of exhaust gas is at the condition of injection angle.
And it could be necessary to strengthen the dilute with the relatively higher boost pressure at the condition of the partial-HCCI in case of the excellent power performance. 3) The air-fuel ratio was evaluated less than half by using EGR. IMEP was no large variation but it could be confirmed that the highest of IMEP is formed from about 10% of EGR rate. As the injection amount of split injection is 20 mm 3 /stroke to apply the HCCI methodology, the smoke is not reduced in accordance with increasing the EGR rate. However, in case of 30 mm 3 /stroke, it is dramatically increased according to increase the EGR rate.
4) It is possible to lower the boost pressure rate as the excellent of premixed rate in the term of exhaust gas is at the condition of injection angle. And it could be necessary to strengthen the dilute with the relatively higher boost pressure at the condition of the partial-HCCI in case of the excellent power performance.
